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The ideas here brought up have been gradually growing in my mind since 1907. In a paper of that date (1907a), in others later, and in Age area (1922), many conclusions were very strongly opposed to what is usually known as Darwinism, the theory that evolution went on by the natural selection of chance variations. Further objections to it have since been published, especially in The course of evolution (1940) , where I have endeavoured to show, with abundant evidence, that this course was in a direction opposed to that demanded by Darwinism, and was from family through genus down to species, and not in the reverse way. The evidence was mainly in the form of crucial test cases, of which 1, 2, 7, 9, 10, 12, 15, 20, 24, 26, 27 and 28 seem to the writer among the most convincing. Little or no attempt has been made, so far as he is aware, to refute their evidence. Still more were to have followed in a book upon geographical distribution, of which I have made a special study for 40 years, but in view of the present difficult situa tion it seems desirable to put upon record some of the new conceptions that I had hoped there to bring forward.
'It is possible, if not probable, that a group of allied species represents so many more or less stable positions of equilibrium in cell division' (Willis 1907a) . It was already clear to me that evolution by selection could not have produced directly, by its own action, the structural changes that mark that evolution. My own view then was that some rearrangement occurred in the nucleus, at the time when a new species was about to be born, just as a rearrangement occurs when a kaleido scope is slightly turned. The change probably occurs under some stress of conditions
11-2 acting upon the parent form (and possibly only after a certain time), as for example might be the case in the slow ascent of a mountain (Willis 1914, p. 532 and especially p. 548) . If the newly rearranged nucleus were as well suited to the local conditions as its parent, it would probably succeed just as well; if not so well suited, it would probably be killed out by the action of natural selection while still only in the state of a few individuals.
This rearrangement of the nucleus would, it seemed to me, inevitably bring about at the same time, a rearrangement of the structural features of the offspring. This, apparently a necessary part of the evolution, would at the same time be the only thing to show that it had actually gone on. But though a necessary accompaniment, it was not, so far as one could see, a necessary factor in the process, which was primarily functional. At times, however, the new arrangement would doubtless be a definite improvement upon the old.
So long as the essential functions of leaves, flowers, fruit, seed, etc., are not inter fered with, structural alterations probably mean very little to the life of the plant. An alternate leaf is as good as an opposite, a polypetalous flower as good as a sympetalous, a dorsal ovule-raphe as good as a ventral, and so on. None of these divergences of character offer any handle of any importance to the work of natural selection, which in any case could never produce them in the completed form in which they actually appear (cf. test case X, Willis 1940, p. 114). Evolution, in other words, involved structural changes, but was not in itself an essentially structural process. This being so, there seemed no absolute need for new structural features, and the idea that they were subsidiary, but inevitably produced by the kaleidoscopic changes that were going on, was confirmed in my mind. However different these changes may look in the kaleidoscope, the total light passing remains unaltered, as does its distribution among the colours. We shall only discuss the subject very briefly here, with a few illustrations, leaving its full treatment for a forthcoming book.
Endemism came as a perfect godsend to the supporters of natural selection, as apparently providing the necessary background of species that had been defeated in the struggle for existence, and were now dying out. But now that we know that it follows definite laws, that are concerned with increase and spread, not with dying out, this view must be abandoned, except in the cases of the few real relics that still survive, for example, within reach of the cold of the last glacial period.
In my papers from 1906 onwards, I showed that the marked endemism of the Ceylon flora was not a case of the casual and gradual extinction of the relics of an old flora, but that it obeyed certain laws, that were valid for endemics in many other places. The great majority of them proved to belong, not to small or insigni ficant genera that might be regarded as moribund, but to the larger genera in the country, which selectionists termed the most 'successful'. The endemics of one country belonged largely to the same genera and families as those of its neighbours (cf. Willis 1936) . The endemics of a country were on the whole younger than the widely distributed species that were found there, and the smaller the area occupied (in allied groups of species, compared only with similar groups allied to the first) the younger the species. The greater the number of widely distributed species in a country with endemics, the greater the number of the endemics, and that even genus by genus. Everything went to show that in the vast majority of cases, except in the colder northern climates, an endemic was simply a young and comparatively newly formed species that had not yet had time to spread over a wider area.
The most striking proof of all was the 'hollow curve'. The endemics of a country showed many on small areas, and there was a sharp drop to the number on the next size larger, and the drop gradually diminished less and less as one went upward (cf. Willis 1940, p. 33, for discussion and figures). Exactly the same thing occurred with the sizes of genera, the 'ones' on the average being about 38%, the 'twos' about 13 %, the 'threes' about 7-5 %, and so on. One could not divide a curve like this into successes and failures. The only reasonable explanation, which has now been supported by abundant evidence, is that the things at the foot of the curves are the young beginners, and those at the head the oldest in the place under con sideration. This explanation appears to hold for the entire flora of the world, and for many groups of animals also, in fact for all that have been tested.
From the same work I also deduced the law of size and space, that space, or area, in any circle of affinity, as before, goes with size as measured by the number of species in the genus. From these it follows that size goes with age. From these three laws-age and area, size and space, age and size-I made further deductions in 1940, that the family was as old as its first genus and species, the other genera and species being added by later mutations of specific or higher rank, without any appreciable intervention of natural selection, except as killing out anything that was not suited to the local conditions. Putting all this together, the evidence seems almost overwhelming that the explanation of endemism just given above is the correct one, so far as we can at present see. It follows that any structural features that are exhibited in any country by its local endemics are features that must have been developed locally, and there fore, as a general rule, if there is in a genus in a given country only one species of wider distribution than that country, the rest being endemic, these characters must have come from that, whether it shows them itself, or not. In larger genera there may also be present some other widely distributed species from which they might have been directly inherited. We shall only give a few examples, but as will soon become evident, they could easily be multiplied many times.
There are 52 endemics in Ceylon in genera that contain only two species, one being endemic, and one widely distributed. Taking the characters in each genus that divide the two, one finds, for example: There are also many genera with differences in size and form of leaves, or hairi ness. This pattern of genus, with one species of each kind, is the most common among the genera with endemics.
Evolution in plants by kaleidoscopic mutation
These differences are just as well marked as are those given in 1940, p. 79, as first dividing the species in families with only one genus. In fact, in several cases they are the actual differences that mark the division of their genera into sections in the outline monographs in Engler (1st ed.), or even, as in Rhamnus, into sub genera. Other members of these divisions are found at such long distances away that it is clear that the characters that mark the sections were independently handed down to the Ceylon species, from ancestors that did not themselves show them. This table speaks for itself as showing the possibilities of direct mutation, and as explaining much apparently discontinuous distribution. Ridley's Malayan Flora contains at least 70 similar cases of genera with one wide and one endemic, and I have several hundreds more.
The same sort of divisions show in the Ceylon genera with one wide (W) and two endemics ( E, E + ); for example, Alsodeia shows distinct anther (E + ), Scolopia a green fruit (W, E) or a bright scarlet (E +), 5 stamens (IF, E) or 8 ( E +) , Sophora 15-23 leaflets (IF, E), or 7-11 ( ), Chaetoca a prickly capsule (IF, E), or a tubercled (E + ). Podochilus has linear petals (IF), or orbicular or obovate-oblong (E, E +), Curcuma has the spike on a leafless peduncle (IF, E) or terminating the leafy stem (E + ). Always the behaviour is like this; as I have shown in some detail (cf. 1940, p. 74) , at the first division the results are well separated, and then the later divisions fill in the gaps. The more endemics in the genus, on the whole, the more difficult does it become to separate the species.
In most monographs of genera or families, one soon finds that the characters are liable to turn up in places where one would not expect them, among groups of evidently closely related species (whether to one another or to the one showing the unexpected character). When the latter was an endemic, it was usual to regard it as a refugee from some place where the character was common, but this explanation is now no longer tenable without great and special evidence to that effect.
The Menispermaceae, for example, are divided primarily by the presence or absence of endosperm, but in both groups there are some that show the contrasted character. Both groups, also, have subdivisions with anthers opening longitudinally, and with anthers opening transversely. These characters cannot be put down to natural selection, nor can the perfection in which they are shown (1940, p. 114) . Some of the subgroups have ruminate endosperm, some have not, but in each there are exceptions. But there is no need to follow this further, such experiences being part of the everyday lot of the taxonomist.
In Symplocos (Brand 1901), sessile flowers appear, without there being any wides to carry the character, in species endemic to such places as Colombia, Mexico, the Philippines, Formosa, Queensland, New Caledonia and the New Hebrides. A bi locular ovary appears in Cuba and Puerto Rico. A tube of united stamens is very common in America, but also appears in South India and Ceylon, in Sumatra, the Malay Peninsula, Java and Borneo, where there is no 'wide' carrying it. And so on with most of the characters, which turn up again and again in unexpected places.
Or again, take Siparuna (Hoffmann 1894), of which a map was given by Willis (1940, p. 34) . In the aggregation of local species in Peru and Bolivia, there shown, we find characters that place their holders in the following divisions of the key, which of course uses the best and most prominent characters for the purpose: S. guianensis, the only Avide' occurring in this region, is placed in Be ft II, 2. One might produce instances like this in very great numbers. It is the notion that endemics may be refugees that has prevented the conclusions being drawn that are drawn here.
It is a commonplace in taxonomy that single characters, such as alternate or opposite leaves, stamens in one or in two whorls, fruit loculi-or septi-cidal, ovuleraphe dorsal or ventral, and so on, cannot be relied upon to give unquestionable evidence for close relationship, though, if they were formed by gradual develop ment from similar characters, one might expect something of the kind. One must take several characters, giving judgment upon the general evidence of them all. In a paper of 1923 and in test-case XII (1940, p. 118) I have given instances of the way in which, in Rubiaceae for example (1923, p. 624) , all kinds of unexpected characters may turn up, like superior ovary, alternate leaves, imbricate calyx, anthers opening by pores, and many others that are not the usual characters of the family. But it will at once be seen, though it does not seem as yet to have been properly realized, that these characters are in no way peculiar to the Rubiaceae, but that every one of them is common somewhere else in some other family, and perhaps almost always in several other places in several different families or parts of families, or even in single genera or species. These places are usually quite independent of one another in different parts of the scheme of classification, and it is safe to say that no system can be devised which will keep all the characters each in a line of its own. As Lindley says (WiJfis 1923, p. 617) , 'even the sexual system of Linnaeus could not be drawn up without splitting genera, if one desired complete agreement. Smith gives 173 genera of the British flora, and no less than 43 of these, and some in every class, contain species at variance with the characters of the classes and orders.' A great deal of evidence is given in (1923) that bears upon the subject under consideration, towards which that paper formed a halfway house. If natural selection brought out characters like these, upon so many different occasions, in so many different places, and in so similar a way in each, there must have been some extraordinary urge behind it, at which we cannot even hazard a guess.
Even with the most 'important' characters, like inferior ovary, single cotyledon, parallel veining of leaves, ovary uni-or multi-locular, endosperm or none, and so on, there are always cases where they turn up unexpectedly. Consequently, each of these characters, though they are without adaptational significance, must either have been selected again and again, and always in the same manner, or must have been inherited through ancestors that were themselves visibly carrying the con trasted character. The same kind of thing shows all over the place, and it is very noticeable that it shows better, on the whole, the larger (more 'successful') the family. A glance at the family characters (Willis 1940, Appendix I) shows that the pairs are much fewer than the number of recognized families, whilst each family usually has one or the other of most pairs. This of course means that as we have just seen, it is almost inevitable that every character should turn up again and again. The characters of any single family are simply a hotch-potch of this list, and those that turn up least often are regarded as on the whole the most valuable as dis tinguishing marks. This phenomenon has always been a great stumbling block to natural selection, and again suggests the kaleidoscope. Why, if an inferior ovary is the rule for a family, should one or two want to have a superior ovary ? And why should characters turn up again and again, if they have no adaptational value ? And why in such a perfected form? There seems almost nothing for it but to imagine that any member of a family carries in itself all the possible characters of that family, or perhaps it is more likely that the determining factors are carried, and that, under circumstances which as yet we cannot even guess at, one or the other is brought out. Under these conditions there is hardly any limit to the possible variety. Even ten characters, which is no excessive number, allow of 3,628,800 changes, or nearly twenty times as many as all the species of flowering plants.
Let us take a few concrete cases. In his Flora of Ceylon, Trimen gives the con dition of most leaves as regards hairiness, or none, on both sides. In for example, we find: sp. 2 ( E )g labrous slightly p u b escen t 13 glabrous finely felted 5 (E) rou g h ly h a iry 9 9 9 9 7 ( E )p rickly h a iry 9 9 9 9 sp. 11 (E) glabrous w oolly 4 m ore or less h airy 9 9 9 9
6 (E) finely pubescent tom entose 10 (E) c o tto n y or glabrous woolly felted E -endem ic. Species 8 is a n in tro d u ctio n , a n d 12 only occurs elsew here in th e Nilgiris.
Selection could not produce an assortment like this, with no adaptational values, nor could it possibly make the whole of a surface alike (Willis 1940, p. 114) , especially in cases like 6, 10, 11, with the two sides different. There could not have been Ceylon ancestors for them, nor, if the marks E were removed, could anyone say which were ancestors, or which descendants. Hundreds of similar cases could be brought up, with these or other characters.
Opposite and alternate leaves are intermingled all over the Compositae, in not very unequal numbers-a fact which goes to show that from an adaptational point of view it does not matter which is taken, so that it would be a very remarkable phenomenon indeed if natural selection, with no particular urge behind it, should choose sometimes one and sometimes the other, on hundreds of occasions in the same family. In the genera numbered [401] [402] [403] [404] [405] [406] [407] [408] [409] [410] The variation in other characters in these same genera is different in its incidence. The common receptacle is long cone-shaped in 401, flat in 402 and 403, and so on. Each character differs in a different way over the ten, but each character turns up more than once, a fact which has been put down to the vagaries of selection, though there is nothing to show that any one character of a pair is superior to the other.
A pappus of two kinds of components (e.g. hairs and scales, an extremely difficult if not impossible thing for selection to produce) turns up again and again, usually intermingled with genera that have no pappus. It is asking too much of credulity to ask one to believe that these phenomena are due to selection.
Or let us take a small group from the key in Hoffmann (1894) Gg leaves a lte rn a te -opposite. Dd fru it angular-com pressed.
In another group, nos. 479-84, where only four characters are used, these show ABCD, ABcd, ABcD, AbCD, AbcD, abCD. This same kind of kaleidoscopic exhibi tion of characters shows in innumerable places, and at once explains why it is practically impossible to devise any original parent for such a group, so long as one adheres to the idea that a character must be derived, even though modified, from a parental form that showed it or did not show the contrasting character. So long as this is adhered to, so long must the Darwinian direction of evolution remain. But I have shown (1940) that the evidence is almost completely against this. There seems nothing for it but to admit that any parent must be carrying in itself both of the contrasting characters shown in any pair, and that one or the other, or at times (as in the group of Compositae 401-10 above) both, in different places on the same plant, may appear, presumably according to some law which as yet we do not com prehend. No arithmetical clue has so far appeared, but it is probable that it might be found with much hard work.
The genera in these little groups, here and elsewhere, are placed there by the best taxonomists, on the ground of general close resemblance, but very commonly, as in 557-562 above, there is no proper geographical continuity among them; structural resemblance has been considered as of more importance. This is a subject for discussion in my book, and cannot be gone into in this place. Five of these six genera have a in common, four B, four G, three out of four d, five e, five F, and five G. There is a good majority shown for one or other of each character-pair, though not by the same genera in each case. But their geographical distribution shows that they can have no parent in their own group; if they have a common parent, it must be sought elsewhere.
The analogy-perhaps, or probably, it may be more-between this work and chemical transformation hardly needs to be pointed out. Personally, I have little doubt that in some way or other the latter is at the bottom of the changes that take place (taking chemistry in the broadest physical sense). It may be worth while to call attention to the criticism of the chemistry of evolution by Maclaren (1877), described by me in 1940, p. 8, a criticism that was met, if I remember my reading aright, by saying that the chemistry of plants was an unimportant detail so far as evolution was concerned! One of my great hopes is to see economic botany studied upon the lines indicated in 1940, p. 9, by the acceptance of the view that the parents of a genus of economic value may still be living, so that their chemistry may be studied.
Other analogies are also suggested by this work, and it looks as if, as I suggested in 1940 (foot of p. 50, pp. 175, 178, 191) , evolution was based upon some mathe matical conception, and that it is following out some definite plan. As Yule and Willis said (1922) , 'in general the manner in which evolution has unfolded itself has been relatively little affected by the various vital and other factors, these only causing deviations this way and that from the dominant plan'.
The word 'plants' has been deliberately put into the title above to show that I have only worked out its application to them, but from the way in which so many groups of animals give curve figures like those of plants (cf. Willis 1922, p. 200 , and curve of Chrysomelidae on p. 242 and 1940, p. 37), I fancy that most of the above statements will apply to animals also, perhaps with modifications.
Incidentally, one thing is very clear, that if work is to be carried on upon the lines briefly indicated here, one thing that must be done before publication begins is to settle upon a definite nomenclature for each pair-A, for example, for an alternate leaf, a for an opposite, and so on, or there will soon be hopeless confusion.
This must suffice as an indication of what is suggested. It will be worked up, with some of its further implications, in my book upon geographical distribution, which I hope may appear in more settled times. It takes us one stage beyond that described by me in 1940, and it looks as if the next stage must fall to the biochemists or to the geneticists. Once evolution is properly comprehended, it would seem probable that it can be set to work to the immense benefit of mankind, as the results obtained with colchicine give some slight indication of possible future progress.
